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Abstract 
Background 
Conclusions 
Prolyl-tRNA synthetases (ProRSs) are multi-domain proteins that 
catalyze covalent attachment of proline to the 3´-end of the tRNAPro. 
ProRSs from all three kingdoms of life are known to misactivate alanine 
and form mischarged tRNAPro. To maintain high fidelity in protein 
synthesis, some ProRSs have acquired editing mechanisms. The insertion 
domain (INS, ~180 amino acids) of Escherichia coli (Ec) ProRS is the 
post-transfer editing active site that hydrolyzes specifically mischarged 
alanyl-tRNAPro. Experimental studies have demonstrated that the INS 
domain of Ec ProRS also has a significant impact on amino acid binding 
and activation. To explore the exact role the INS (editing domain) plays 
in amino acid activation, the dynamic coupling between the editing 
domain and various structural elements of the catalytic domain of Ec 
ProRS was studied by performing molecular dynamics simulations. 
Moreover, statistical-thermal coupling analysis was performed to 
identify residue-residue interaction networks that facilitate coupled-
domain dynamics in Ec ProRS. Site-directed mutagenesis and kinetic 
studies are being carried out to explore the impact of mutation (of 
residues in the interaction networks) on the enzyme activity. Herein, we 
report the computational and experimental results that demonstrate the 
role of the editing domain is to maintain the intrinsic protein dynamics 
and stabilize the catalytically important proline-binding loop.  
Methods 
 Purify double mutants and explore if the effect of double mutations is 
additive, which will support that residues in the predicted pathways are 
coupled. 
 Compare and contrast the residue-residue interaction networks obtained 
from MD simulation data and coarse-grained normal mode data. 
 Perform long-timescale MD simulations with wild-type and mutant variants 
(residues in the interaction networks) and analyze the effect of mutation on  
dynamics and energetics of the PBL transition. 
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 To understand the role of coupled-dynamics in the function of 
prokaryotic-like ProRSs 
 To explore the pre-existing pathways of site-to-site 
communications in bacterial ProRSs 
 Molecular dynamics simulation studies have revealed the existence of 
anticorrelated motions between the PBL and structural elements of the 
editing domain and correlated motions with the catalytic domain 
elements. 
 Deletion of the INS domain has a significant impact on the coupled-
protein dynamics [8]. 
 
 
 Prolyl-tRNA Synthetase 
 A multi-domain enzyme [1] 
 Catalyzes the covalent attachment of proline to tRNAPro 
 Misactivates alanine and cysteine 
 Possesses editing mechanism to hydrolyze Ala-tRNAPro [2] 
 Substrate-induced conformational change of catalytically important   
    proline-binding loop (PBL) [1] 
 Overall activation efficiency (kcat/KM) of the deletion mutant was  
    decreased ~1200-fold relative to the wild-type enzyme [3] 
 Covalent connectivity between domains is crucial! 
 Correlated motions exist between the PBL and protein segments at the 
editing domain-catalytic domain interface as well as with the motif 3. 
However, the editing domain and the PBL are engaged mainly in 
anticorrelated motion. 
 STCA study revealed that evolutionarily conserved and dynamically 
correlated residues might be important for propagating conformational 
transition from the catalytic domain to the PBL. 
Mutation of pathway residues have a significant impact on proline 
activation.  
 Principal component analysis revealed that residues in the predicted 
pathways are important to maintain the PBL dynamics.  
Multiple Pathways of Domain-Domain Interactions Were 
Identified Using Statistical–Thermal Coupling Analysis 
Results 
 Conventional Molecular Dynamics Simulations [4] 
 Statistical–Thermal Coupling Analysis (STCA) 
 Normal Mode Analysis [5] 
 Statistical Coupling Analysis [6] 
 Experimental Mutational and Kinetics Studies 
 In Silico Mutation and Principal Component Analysis [7] 
Kinetic Parameters for Amino Acid Activation 
Objectives 
Conventional Molecular Dynamics Simulations 
Dynamic cross-correlations between the C atoms of the PBL (residues 190 to 210) versus  
the C  of the full-length protein (residues 19 to 565) was generated using the last 7 ns of 
12 ns MD simulation data.  
Future Directions 
Principal Component Analysis and PBL Dynamics 
Docking of the Prolyl-adenylate in E. coli ProRS 
X-ray Crystal Structure of E. 
faecium ProRS with Pro-AMP 
analogue [1]  
Docked Pro-AMP substrate in 
Crystal structure of E. faecium ProRS    3D model structure of E. coli ProRS 
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Docking of the prolyl-adenylate in the catalytic domains was performed using Argus lab [9] 
Combined analysis of the computed root-mean-square projections (RMSP). RMSP analysis involved comparison 
of relative displacement of protein systems when projected along a given principal component. In this study, 
the combined RMSP analysis was performed over the last 11 ns of 15-ns simulation data for eigenvectors 1 to 
10 for WT (blue), F415A (red), G412A (green), N305A  (purple) Ec ProRS. The PCA analysis was performed 
using CARMA [7] and as discussed in Ref. 12.  
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HYPOTHESIS:  
 Long-range site-to-site communications propagate through networks of 
conserved and coevolved residues that are thermally coupled [10].  
 The pre-existing pathways in a multi-domain protein can be traced by 
identifying the evolutionarily as well as  thermally coupled residues that form 
contiguous network of interactions. 
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Pro-AMP.ProRS + tRNAPro → Pro-tRNAPro + AMP + ProRS       
The ATP-PPi exchange assay was performed at 37 °C [11]. The concentrations of proline ranged from 
0.025 - 2 mM. The enzyme concentrations used were 10-20 nM. Kinetic parameters were determined 
from Lineweaver-Burk plots and represent the average of at least three determinations except for 
E209A. 
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